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f ChemisAbstract An efﬁcient approach for the synthesis of 3,5-dihydro-4H-pyrimido[5,4-b]indol-4-one
derivatives has been developed. The key compound isothiocyanate was prepared through a simple
and ecological method using di-2-pyridyl thionocarbonate (DPT) in substitution of the thiophos-
gene, a potential air pollutant. The cyclization reaction of thiosemicarbazide derivates was devel-
oped through the methods reported by Wanhoff. 3,5-Dihydro-4H-pyrimido[5,4-b]indol-4-one
derivatives were synthesized using powdery copper/copper(I) iodide as catalyst, their structural elu-
cidation was conﬁrmed by 1HNMR and mass spectrum. This methodology presents a new alterna-
tive synthesis of indole derivatives that are different from existing routes which are limited in
structural diversity.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Indole is a benzopyrrole in which the benzene and pyrrole
rings are fused through the 2- and 3-positions of the pyrrole
nucleus. The indole ring is also found in many natural prod-
ucts such as the indole alkaloids, fungal metabolites and mar-
ine natural products (Ninomiya, 1992). The ﬁrst preparation
of indole dates from 1866 but the Fisher indole synthesis,2 904854.
ro.it (M. Barone).
Saud University.
g by Elsevier
. Production and hosting by Elsev
2.005
e, M., Catalfo, A. Synthesis and st
try (2014), http://dx.doi.org/10.101which remains one of the most versatile methods for preparing
indoles, was ﬁrst reported in 1883 (Sundberg, 1996).
The diversity of the structures encountered, as well as their
biological and pharmaceutical relevance, has motivated research
aimed at the development of new economical, efﬁcient and selec-
tive synthetic strategies, particularly for the synthesis of substi-
tuted indole rings (Sundberg, 1984; Tois et al., 2003). The
substituted indoles have been referred to as privileged structures
since they are capable of binding to many receptors with high
afﬁnity (Horton et al., 2003). Therefore, the synthesis and selec-
tive functionalization of indoles have been the focus of active re-
search (Humphrey and Kuethe, 2006; Bartoli et al., 2003; Le´vai,
2005). Indole nucleus is frequently found in medicinal chemistry
and is considered as ‘‘privileged scaffolds’’. Therefore, the synthe-
sis and selective functionalization of indoles have been the focus
of active research over the years (Sundberg, 1996).ier B.V. All rights reserved.
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2 M. Barone, A. CatalfoHence, in continuation of our interest on indole derivatives,
we thought to synthesize other isomer derivatives of above het-
erocycle systems.
An important step in the synthetic routes to the title deriv-
atives was realized through the synthesis of the key intermedi-
ates 2, 3a,b, 4a,b according to the method of the ring closure of
ortho (or adjacent) substituted thioureides with an ester func-
tion, under basic conditions, as reported for the preparation of
various thieno[2,3-d]- and [3,2-d]-pyrimidinone derivatives by
a wide literature (Wamhoff, 1985; Varvounis and Giannopou-
los, 1996; Litvinov, 2006).
2. Experimental
2.1. Materials and methods
NMR spectra (1H NMR were recorded at 500 MHz, 13C
NMR were recorded at 125 MHz) were recorded on Varian
Instruments; chemical shifts (d) are reported in ppm from tet-
ramethylsilane as an internal standard; coupling constants (J)
are in Hertz (Hz). Microanalyses for C, H, N and S were ob-
tained from an EA 1108 elemental analyzer Fisons Carlo-Erba
instrument. Analyses indicated by the symbols of the elements
were within ±0.4% of the theoretical values. Melting points
were determined in open capillary tubes on a SMP1 apparatus
(Stuart Scientiﬁc Staffordshire) and are uncorrected. The pur-
ity of substances was checked by thin layer chromatography
on Merck silica gel 60 F-254 plates. Mass spectra were re-
corded by Perkin Elmer Turbo Mass Clarus 560 Mass Spec-
trometer HRMS, with a 70 eV working ionization energy,
source temperature 250 C, trap current 90 lA. All commercial
chemicals were purchased from Aldrich, Fluka, Merk, Lancas-
ter and Carlo-Erba and were used without further puriﬁcation.
2.2. N-(2-(cyclohexylthio)-4-oxo-4,5-dihydro-3H-
pyrimido[5,4-b]indol-3yl)methanesulfonamide (5)
A mixture of methane sulfonamide 4b (0.180 g, 0.58 mmol),
cyclohexyl iodide (0.121 g, 98%, 0.58 mmol, 0.07 ml,
d= 1.625), and potassium carbonate (80 mg, 0.58 mmol) in
dimethylformamide (2 ml) was heated at 80 C under stirring
for 12 h. After cooling to room temperature, the mixture was
acidiﬁed with hydrochloric acid and then poured in water
(100 ml). The resulting solid was collected, washed with water,
dried, and crystallized from petroleum ether to give 5 as a
white power. Yield 86%; mp: 106–108 C;
1H-NMR (500 MHz, [D6]DMSO): d= 1.45, 2.05 (m,
10H), 3.29 (s, 3H), 3.72 (s, 1H), 7.38, 8.10 (m, 4H), 11.14 (s
br, 1H), 11.91 (s 1H); 13C NMR (125 MHz, [D6]DMSO):
d= 21.54, 22.28, 24.47, 24.97, 43.83, 119.66, 120.64, 127.34,
130.91, 131.14, 133.96, 138.36, 148.07, 150.80, 155.68,
157.015, 159.53 ppm; HRMS m/z [M]+: 392.05830, found:
392.49887.
2.3. N-(2-((1,5-dimethyl-3-oxo-2phenyl-2,3-dihydro-1H-
pyrazol-4-yl)thio)-4-oxo-4,5-dihydro-3H-purimido[5,4-b]indol-
3-yl)methanesulfonamide (6)
Methane-sulfonamide 4b (0.130 g, 0.42 mmol) was dissolved in
ethanol/water (16 ml/16 ml) and KOH (23 mg, 0.42 mmol).Please cite this article in press as: Barone, M., Catalfo, A. Synthesis and st
derivatives. Arabian Journal of Chemistry (2014), http://dx.doi.org/10.101Iodoantipyrine (131 mg, 99%, 0.42 mmol) and powdery cop-
per (15 mg)/copper(I) iodide (20 mg) were added to the stirred
solution. The mixture was heated at reﬂux under stirring for
5 h and ﬁltered while hot; after cooling to room temperature,
the solution was poured in water (150 ml). The solution was ﬁl-
tered and acidiﬁed with concentrated hydrochloric acid until
pH 3–4: a green solid mass separated that was collected,
washed with water, dried, and crystallized from ethanol/water
to give 6 as a green powder. Yield 95%; mp: 185–190 C; 1H-
NMR (500 MHz, [D6]DMSO): d= 2.36 (s, 3H), 3.38 (s, 3H),
3.81 (s, 3H), 7.39–8.14 (m, 9H), 11.51 (s, 1H), 11.91(s 1H); 13C
NMR (125 MHz, [D6]DMSO): d= 21.01, 23.71, 24.88, 34.37,
42.30, 99.83, 119.15, 121.72, 124.08, 125.17, 125.99, 128.29,
130.01, 132.83, 134.21, 135.01, 138.67, 143.05, 154.61, 156.80,
157.10, 167.37 ppm; HRMS m/z [M]+: 496.05936, found:
496.14598.2.4. N-(2-((1,3-dimethyl-2,4-dioxo-1,2,3,4-
tetrahydropyrimidin-5-yl)thio)-4-oxo-4,5-dihydro-3H-
pyrimido[5,4-b]indol-3-yl)methanesulfonamide (7)
Methane-sulfonamide 4b (0.167 g, 0.53 mmol) was dissolved in
ethanol/water (16 ml/16 ml) and KOH (30 mg, 0.53 mmol). 5-
iodo-1,3-dimethyluracil (143 mg, 99%, 0.53 mmol) and pow-
dery copper (15 mg)/copper(I) iodide (10 mg) were added to
the stirred solution. The mixture was heated at reﬂux under
stirring for 5 h and ﬁltered while hot; after cooling to room
temperature, the solution was poured in water (150 ml). The
solution was ﬁltered and acidiﬁed with concentrated hydro-
chloric acid until pH 3–4: a light brown solid mass separated
that was collected, washed with water, dried, and crystallized
from ethanol/water to give 7 as a light brown powder. Yield
90%; mp: 275 C.
1H-NMR (500 MHz, [D6]DMSO): d= 3.25 (s, 3H), 3.39
(s, 3H), 3.43 (s, 3H), 7.56–8.42 (m, 5H), 11.58 (s, 1H), 11.91
(s, 1H); 13C NMR (125 MHz, [D6]DMSO): d= 22.28, 24.47,
36.48, 42.30, 119.15, 125.17, 125.99, 130.83, 131.14, 133.96,
138.67, 148.34, 154.10, 156.64, 156.83, 157.42, 159.33 ppm;
HRMS m/z [M]+: 448.02298, found: 448.12998.2.5. N-(2-((4-nitrophenyl)thio)-4-oxo-4,5-dihydro-3H-
pyrimido[5,4-b]indol-3-yl)methanesulfonamide (8)
To a solution of methane sulfonamide-thioxo derivate 4b
(0.14 g, 0.45 mmol) and potassium hydroxide (25 mg) in etha-
nol/water 1:1 (40 ml) 1-iodo-4-nitrobenzene (0.112 g, 98%,
0.45 mmol), dissolved in a small amount of 10% potassium
hydroxide and powdery copper (50 mg) were added. The mix-
ture was heated at 100 C under stirring for 5 h. The mixture
was ﬁltered while hot and after cooling to room temperature
the resulting solution was acidiﬁed to pH 3–4: the resulting so-
lid was collected, washed with water, dried and crystallized
from ethanol/water to give 8 as a yellow powder; yield 90%;
mp: 255 C. 1H-NMR (500 MHz, [D6]DMSO): d= 3.41 (s,
3H), 7.50–8.59 (m, 8H), 11.63 (s, 1H), 11.91(s 1H). 13C
NMR (125 MHz, [D6]DMSO): d= 43.83, 119.66, 120.64,
127.34, 130.91, 131.14, 133.96, 138.36, 148.07, 150.80, 155.68,
157.015, 159.53 ppm; HRMS m/z [M]+: 431.38005, found:
431.25005.ructure elucidation of new 3,5-dihydro-4H-pyrimido[5,4-b]indol-4-one
6/j.arabjc.2014.02.005
Synthesis and structure elucidation of new 3,5-dihydro-4H-pyrimido[5,4-b]indol-4-one system derivatives 32.6. N-(2-((2-nitrophenyl)thio)-4-oxo-4,5-dihydro-3H-
pyrimido[5,4-b]indol-3-yl)methanesulfonamide (9)
To a solution of methane sulfonamide-thioxo derivate 4b
(0.14 g, 0.45 mmol) and potassium hydroxide (25 mg) in etha-
nol/water 1:1 (40 ml) 1-iodo-4-nitrobenzene (0.112 g, 98%,
0.45 mmol), dissolved in a small amount of 10% potassium
hydroxide and powdery copper (50 mg) were added. The mix-
ture was heated at 100 C under stirring for 5 h. The mixture
was ﬁltered while hot and after cooling to room temperature
the resulting solution was acidiﬁed to pH 3–4: the resulting so-
lid was collected, washed with water, dried and crystallized
from ethanol/water to give 9 as a yellow powder; yield 90%;
mp: 255 C; 1H-NMR (500 MHz, [D6]DMSO): d= 3.41(s,
3H), 7.50–8.59 (m, 8H), 11.63 (s, 1H), 11.91(s 1H); 13C
NMR (125 MHz, [D6]DMSO): d= 43.83, 119.66, 120.64,
127.34, 130.91, 131.14, 133.96, 138.36, 148.07, 150.80, 155.68,
157.015, 159.53 ppm; HRMS m/z [M]+: 431.38005, found:
431.25005.
2.7. N-(2-((4-nitro-2-(triﬂuoromethyl)phenyl)thio)-4-oxo-4,5-
dihydro-3H-pyrimido[5,4-b]indol-3-yl)methanesulfonamide
(10)
To a solution of methane sulfonamide-thioxo derivate 4b
(0.133 g, 0.42 mmol) and potassium hydroxide (40 mg) in eth-
anol/water 1:1 (40 ml) 1-iodo-4-nitro-2(triﬂuoromethyl)ben-
zene (0.136 g, 98%, 0.42 mmol), dissolved in a small amount
of 10% potassium hydroxide and powdery copper (50 mg)
were added. The mixture was heated at 100 C under stirring
for 5 h. The mixture was ﬁltered while hot and after cooling
to room temperature the resulting solution was acidiﬁed to
pH 3–4: the resulting solid was collected, washed with water,
dried and crystallized from ethanol/water to give 10 as a or-
ange powder; yield 80%; mp: 125 C; 1H-NMR (500 MHz,
[D6]DMSO): d= 3.41 (s, 3H), 7.52–8.46 (m, 7H), 11.69 (s,
1H), 11.91(s 1H); 13C NMR (125 MHz, [D6]DMSO):
d= 44.12, 115.12, 125.16, 128.33, 130.01, 132.01, 133.44,
135.01, 135.66, 140.01, 158.22, 163.27, 168.01, 169.79 ppm;
HRMS m/z [M]+: 499.49449, found: 499.59558.
2.8. 2-((3-(methylsulfonamido)-4-oxo-4,5-dihydro-3H-
pyrimido[5,4-b]indol-2yl)thio)benzoic acid (11)
To a solution of methane sulfonamide-thioxo derivate 4b
(0.34 g, 1.09 mmol) and sodium hydroxide (43 mg, 1.09 mmol)
in water (40 ml) 2-iodobenzoic acid (0.271 g, 98%, 1.09 mmol)
in ethanol (20 ml) and powdery copper (30 mg)/copper(I) io-
dide were added. The mixture was heated at 100 C under stir-
ring for 5 h. The mixture was ﬁltered while hot and after
cooling to room temperature, the resulting solution was acidi-
ﬁed to pH 3–4: the resulting solid was collected, washed with
water, dried and crystallized from dioxane/water to give 11
as a white powder; yield 55%; mp: 236–38 C; 1H-NMR
(500 MHz, [D6]DMSO): d= 3.28 (s, 3H), 7.21–8.05 (m, 8H),
11.37 (s, 1H), 11.91(s 1H), 13.01 (s, 1H); 13C NMR
(125 MHz, [D6]DMSO): d= 44.12, 115.12, 125.16, 128.33,
130.01, 132.01, 133.44, 135.01, 135.66, 140.01, 158.22, 163.27,
168.01, 169.79 ppm; HRMS m/z [M]+: 430.00990, found:
430.29879.Please cite this article in press as: Barone, M., Catalfo, A. Synthesis and st
derivatives. Arabian Journal of Chemistry (2014), http://dx.doi.org/10.1012.9. 4-((3-(methylsulfonamido)-4-oxo-4,5-dihydro-3H-
pyrimido[5,4-b]indol-2yl)thio)-3-nitrobenzoic acid (12)
To a solution of methane sulfonamide-thioxo derivate 4b
(0.156 g, 0.50 mmol) and potassium hydroxide (28 mg) in eth-
anol/water 1:1 (40 ml) 4-iodo-3-nitrobenzoic acid (0.147 g,
98%, 0.50 mmol), dissolved in a small amount of 10% potas-
sium hydroxide and powdery copper (50 mg) were added. The
mixture was heated at 100 C under stirring for 5 h. The mix-
ture was ﬁltered while hot and after cooling to room tempera-
ture the resulting solution was acidiﬁed to pH 3–4: the
resulting solid was collected, washed with water, dried and
crystallized from ethanol/water to give 12 as a yellow powder;
yield 80%; mp: 215 C; 1H-NMR (500 MHz, [D6]DMSO):
d= 3.42 (s, 3H), 7.53–8.62 (m, 7H), 11.69 (s, 1H), 11.91 (,s
1H); 13C NMR (125 MHz, [D6]DMSO): d= 44.12, 115.12,
125.16, 128.33, 130.01, 132.01, 133.44, 135.01, 135.66, 140.01,
158.22, 163.27, 168.01, 169.79 ppm; HRMS m/z [M]+:
475.53778, found: 475.50609.2.10. N-(2-((2,4-dinitrophenyl)thio)-4-oxo-4,5-dihydro-3H-
pyrimido[5,4-b]indol-3yl)methanesulfonamide (13)
To a solution of methane sulfonamide-thioxo derivate 4b
(0.14 g, 0.45 mmol) and potassium hydroxide (25 mg) in etha-
nol/water 1:1 (40 ml) 2,4-dinitroiodobenzene (0.132 g, 98%,
0.45 mmol), dissolved in a small amount of 10% potassium
hydroxide and powdery copper (50 mg) were added. The mix-
ture was heated at 100 C under stirring for 5 h. The mixture
was ﬁltered while hot and after cooling to room temperature
the resulting solution was acidiﬁed to pH 3–4: the resulting so-
lid was collected, washed with water, dried and crystallized
from ethanol/water to give 13 as a orange powder; yield
69%; mp: 123–26 C; 1H-NMR (500 MHz, [D6]DMSO):
d= 3.39 (s, 3H), 7.26–7.80 (m, 7H), 11.43 (s, 1H), 11.91 (s,
1H); 13C NMR (125 MHz, [D6]DMSO): d= 43.83, 119.66,
120.64, 127.34, 130.91, 131.14, 133.96, 138.36, 148.07, 150.80,
155.68, 157.015, 159.53 ppm; HRMS m/z [M]+: 476.49463,
found: 476.69699.2.11. N-(2-((2,4-diﬂuorophenyl)thio)-4-oxo-4,5-dihydro-3H-
pyrimido[5,4-b]indol-3-yl)methanesulfonamide (14)
To a stirred solution of methane sulfonamide-thioxo derivate
4b (0.180 g, 0.58 mmol) and sodium hydroxide (23 mg,
0.58 mmol) in ethanol/water 1:1 (40 ml) 2,4 diﬂuoroiodoben-
zene (0.138 g, 0.069 ml, 98%, 0.58 mmol, d= 2.0) and powder
copper (30 mg) were added; the mixture was heated at reﬂux
under stirring for 4 h; after cooling to room temperature the
mixture was ﬁltered and the ﬁltrate poured in water (150 ml);
the resulting solution was ﬁltered and acidiﬁed with hydrochlo-
ric acid to pH 3–4: the solid separated was collected, washed
with water, dried and crystallized from water/dioxane to give
14 as greyish powder; yield 85%; mp: 235–36 C; 1H-NMR
(500 MHz, [D6]DMSO): d= 3.37 (s, 3H), 7.2–8.10 (m, 7H),
11.46 (s, 1H), 11.91(s 1H); 13C NMR (125 MHz, [D6]DMSO):
d= 43.97, 105.12, 112.68, 130.88, 132.70, 138.77, 139.21,
160.22, 161.50, 165.51, 166.50, 184.99, 188.44. HRMS m/z
[M]+: 422.99250, found: 422.65455.ructure elucidation of new 3,5-dihydro-4H-pyrimido[5,4-b]indol-4-one
6/j.arabjc.2014.02.005
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4 M. Barone, A. Catalfo2.12. 4-((3-(methylsulfonamido)-4-oxo-4,5-dihydro-3H-
pyrimido[5,4-b]indol-2-yl)thio)benzoic acid (15)
To a solution of methane sulfonamide-thioxo derivate 4b
(0.34 g, 1.09 mmol) and sodium hydroxide (43 mg,
1.09 mmol) in water (40 ml) 4-iodobenzoic acid (0.271 g,
98%, 1.09 mmol) in ethanol (20 ml) and powdery copper
(30 mg)/copper(I) iodide were added. The mixture was heated
at 100 C under stirring for 5 h. The mixture was ﬁltered
while hot and after cooling to room temperature, the result-
ing solution was acidiﬁed to pH 3–4: the resulting solid was
collected, washed with water, dried and crystallized from
dioxane/water to give 15 as a white powder; yield 55%;
mp: 236–38 C;
1H-NMR (500 MHz, [D6]DMSO): d= 3.28 (s, 3H), 7.21–
8.05 (m, 8H), 11.37 (s, 1H), 11.91(s 1H), 13.01 (s, 1H);13C
NMR (125 MHz, [D6]DMSO): d= 44.12, 115.12, 125.16,
128.33, 130.01, 132.01, 133.44, 135.01, 135.66, 140.01, 158.22,
163.27, 168.01, 169.79 ppm; HRMS m/z [M]+: 430.00990,
found: 430.29879.Please cite this article in press as: Barone, M., Catalfo, A. Synthesis and st
derivatives. Arabian Journal of Chemistry (2014), http://dx.doi.org/10.1012.13. 3-amino-1H-pyrimido[5,4-b]indole-2,4(3H,5H)-dione (16)
The derivative 4a (0.103 g, 0.47 mmol) was dissolved in 5% so-
dium hydroxide solution (0.75 ml) at room temperature. Then
30% hydrogen peroxide (0.75 ml) was added drop-wise. The
mixture was stirred for 15 min and neutralized with acetic acid.
Stirring was continued for 15 min. The resulted precipitate was
ﬁltered and washed with a small amount of water, dried and
crystallized from ethanol/water to give 16 as sand powder;
yield 83.5%; mp 197–200 C trans. 1H-NMR (500 MHz,
[D6]DMSO): d 2.00 (br, 2H), 6.99–7.63 (m, 4H), 11.18 (s,
1H), 11.91 (s, 1H); 13C NMR (125 MHz, [D6]DMSO): d
110.50, 111.40, 124.39, 128.20, 129.60, 133.00, 135.30, 148.43,
149.00, 159.80. HRMS m/z [M]+: 216.00990, found:
216.29879.
2.14. N-(2,4-dioxo-1H-pyrimido[5,4-b]indol-3(2H,4H,5H)-
yl)methanesulfonamide (17)
Methanesulfonamide-thioxo derivative 4b (0.103 g, 0.350 mmol)
was dissolved in 5% sodium hydroxide solution (0.75 ml) atructure elucidation of new 3,5-dihydro-4H-pyrimido[5,4-b]indol-4-one
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added drop-wise. Themixturewas stirred for 15 min and neutral-
ized with acetic acid. Stirring was continued for 15 min. The re-
sulted precipitate was ﬁltered and washed with a small amount
of water, dried and crystallized from dimethylformamide/water
to give 17 as green powder; yield 91.35%; mp 247–250 C trans.
1H-NMR (500 MHz, [D6]DMSO): d 3.20 (s, 3H), 6.54–7.68 (m,
4H), 10.20 (s, 1H), 11.30 (s, 1H), 11.91(s, 1H); 13C NMR
(125 MHz, [D6]DMSO): d 42.00, 115.38, 118.30, 124.80,
129.00, 129.36, 135.10, 155.20, 157.40, 161.64, 165.67; HRMS
m/z [M]+: 294.28990, found: 294.29879.3. Results
In continuation of our interest in heterocyclic synthesis we re-
ported in this paper a facile and improved protocol for the
preparation of 3,5-dihydro-4H-pyrimido[5,4-b]indol-4-one
derivatives.
The starting compound was isothiocyanate 2 prepared,
with higher yield, reacting amino ester 1 in dichloromethane
at room temperature for 24 h with di-2-pyridyl thionocarbon-
ate (DPT) in substitution of the tedious previous method using
directly the thiophosgene, a potential air pollutant. The infra-
red spectra of the product 2 conﬁrmed the band in the regions
2140–2090 of the N = C= S group. The mild and simple
reaction conditions (no dry solvent and inert atmosphere)Please cite this article in press as: Barone, M., Catalfo, A. Synthesis and st
derivatives. Arabian Journal of Chemistry (2014), http://dx.doi.org/10.101make this procedure well suitable for the generation of new
isothiocyanates.
The advantages of DPT are as follows:
1) The preparation of isothiocyanates is easy;
2) DPT is stable under atmospheric conditions (room tem-
perature and oxygen);
3) After the completion of the reaction, we obtain high
yields of isothiocyanate.
The reaction, under reﬂuxing in toluene, of isothiocyanate 2
with hydrazine and mesyl hydrazine under stirring, for 5 h,
gave the thiosemicarbazide 3a and methylsulfonyl hydrazino
3b respectively. The cyclization of these thiosemicarbazide der-
ivates, according to the methods reported by Wanhoff, was
accomplished by treatment of compounds 3a and 3b with a
solution of sodium hydroxide for 3 h and subsequent acidiﬁ-
cation with hydrochloric acid to afford in versatile intermedi-
ates amino-thioxo 4a and thioxo-methanesulfonamide 4b of
the above heterocyclic system. Analytical and spectral data
of all above key intermediates were in agreement with the pro-
posed structures (Scheme 1).
The formation of aryl-sulfur bonds represents a key step in
the synthesis of many molecules that are of biological, phar-
maceutical, and material interest. For example, a large variety
of aryl sulﬁdes are in use for diverse clinical applications such
as the treatment of Alzheimer’s and Parkinson’s diseases,ructure elucidation of new 3,5-dihydro-4H-pyrimido[5,4-b]indol-4-one
6/j.arabjc.2014.02.005
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6 M. Barone, A. Catalfotreatment of cancer, and treatment of human immunodeﬁ-
ciency virus diseases. However in this work, we report a sim-
ple, inexpensive, and fast catalytic system for the synthesis of
indole derivates under mild, ligand-free reaction conditions.
Catalytic systems were used in the reaction of the amino-
thioxo intermediate 4b with various aryl and heteroaryl iodide
reactants to obtain sulﬁde derivatives. Catalysts used were
copper powder and copper iodide to start up moderate yields.
The inﬂuence of copper(I) iodide as catalyst on CAS bond for-
mation was ﬁrst investigated for the cross-coupling reaction of
iodobenzene with thiophenol. CuI was the chosen halide salt
because of its stability to air (Sperotto et al., 2008).
By reﬂuxing versatile intermediate 4b with suitable aryl io-
dide in water/ethanol 1:2 v/v (30 ml) under basic conditions,
and with the above catalytic quantitative of powdery copper
and copper iodide for 5 h, gave respectively, with good yields,
the 3,5-dihydro-4H-pyrimido[5,4-b]indol-4-one derivatives (6–
15). Alternatively, the derivative 5 was obtained in dimethyl-
formamide at 80 C in the presence of potassium carbonate,
from the reaction of intermediate 4b with cyclohexyl iodide
(Scheme 2). The derivatives 6 e 7 are very interesting, because
the 1,3-dimethyluracil and antipyrine were assessed to be very
important in biological activity.
The proposed structures of these derivatives were conﬁrmed
by Mass, 1H- and 13C-NMR spectra. Speciﬁcally, 1H-NMR
spectra in the region of 11.45–11.75 ppm showed a typical sin-
glet attributable to NH of the methanesulfonamido group.
Cyclohexyl derivative 5 show at 1.45–2.05 ppm the multiplet
due to ten methylenes and at 3.4–3.8 ppm the multiplet due to
proton bonded to carbon adjacent to sulfur at position 2. The
indole derivatives show the NH of the indole ring at 11.9 ppm.
The Mass Spectrum showed a prominent molecular ion
peak [M+] as the base peak and a fragmentation pattern con-
sistent with their structures.
Finally, to increase the possibility to obtain other series of
3,5-dihydro-4H-pyrimido[5,4-b]indol-4-one derivatives, we
converted the C‚S bond of intermediates 4a and 4b in 16
and 17 C‚O bond.
We started by stirring an alkaline aqueous solution contain-
ing amino-thioxo derivative 4a and methanesulfonamide 4bPlease cite this article in press as: Barone, M., Catalfo, A. Synthesis and st
derivatives. Arabian Journal of Chemistry (2014), http://dx.doi.org/10.101respectively, at room temperature for 15 min. After, we added
to the solution, dropwise, hydrogen peroxide 30% and stirred
for another 15 min to obtain the dione 16 and 17 derivatives,
respectively, as you can see from Scheme 3.4. Conclusion
In conclusion, we successfully developed a simple and efﬁcient
method for the synthesis of new various isothiocyanates and of
indole derivatives. These derivatives can have a biological
activity in pharmacological ﬁeld.Conﬂicts of interest
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